Our previous study1) has shown the presence of multiple forms of chondroitinase AC[chon droitin AC lyase, EC 4.2.2.5] in the enzyme preparation which was obtained from the cul ture broth of Arthrobacter aurescens cultivated in a jar fermentor and then was purified by the chromatography on SE-Sephadex and Sephadex G-100. The separation of the multi ple forms of this enzyme was accomplished by electrophoresis and the three fractions were designated chondroitinase I (pI=5.6), chon droitinase II (pI=5.8), and chondroitinase III (pI=6.4). There was no detectable difference in the enzymic properties of those fractions in cluding the substrate specificity, the stable and optimal conditions, the mode of action, and the molecular weight values. However, a slight difference was detected in the carbo hydrate contents of those fractions.
On the other hand, the purified chondroiti nase preparation which had been obtained from the culture broth in mature culture, shaking culture for 48 hr, has already been found to be electrophoretically homogeneous2) and to correspond to chondroitinase I.1) Though the multiple forms were estimated to be caused from the variation of carbohydrate content of the enzyme during cultivation, the real reason was still not clear from those results alone.
Accordingly, to clarify the relationship be tween the age of A. aurescens and the multiple forms of the chondrotinase, the changes in the enzyme activity of the forms were investi gated during cultivation in a jar fermentor. Furthermore, the conversion of the multiple forms of the enzyme was investigated in vitro.
The present paper describes these results. Immunochemical procedure. Rabbit antiserum was prepared against the fractionated chondroitinase III as follows: firstly, the mixture of the purified chon droitinase III solution (0.8 mg in 0.4 ml of water) and the complete Freundary adjuvant (0.4 ml, Iatron Lab.) was injected hypodermically at foot pads of a rabbit: secondly, after 3 weeks the enzyme solution (4 mg in 2 ml of water) was injected at the muscle of the rabbit; thirdly, 2 weeks thereafter the enzyme solution (4 mg of the enzyme in 4 ml of the physiological solution of sodium chloride) was injected into the veins of the rabbit; 2 weeks after the 3rd injection the whole blood was drawn out and the Y-globulin fraction was obtained by means of coagulation of fibrin and centrifugation. Ouchterlony double-diffusion was performed as described by Ouchterlony.3) 
MATERIALS AND METHODS

Materials
RESULTS AND DISCUSSION
Immunochemical analysis Electrophoretically separable components (chondroitinase I, II, and III) obtained in the previous study were subjected to immuno chemical analyses in order to ascertain that the components are immunochemically identical multiple forms. Figure la shows the Ouchter lony double-diffusion pattern obtained when antibody prepared against purified chondroiti nase III was allowed to react with each chon droitinase component. Complete fusions of the lines were observed. The immunoelectro phoretic patterns of every components showed simple symmetrical lines of precipitation (Fig.  1b) . Thus it seems that no difference exists in the immunochemical characters of three chondroitinase components. Changes in the ratio of multiple forms during cultivation The growth of Arthrobacter aurescens and the chondroitinase activity in the supernatant fluid were measured at various stages when the bacterium was grown in a jar fermentor containing a bouillon-chondroitin sulfate medi um. As shown in Fig. 2 , it was found that the chondroitinase activity became maximum at the early stage of the stational phase of cell growth. The result suggests that the chon droitinase protein is no longer produced and undergoes the subsequent denaturation after the stage. After precipitation with ammonium sulfate and dialysis against deionized water the crude enzyme solutions obtained at 14, 17, 20, and 23 hr cultivation times were adsorbed on SP-Sephadex and eluted by a linear gradient of acetate buffer (pH 5.2) concentration. The elution patterns are shown in Fig. 3 . The peaks of chondroitinase activity appeared at the buffer concentration of 0.136 M for the 14-hr aged preparation, 0.128 M for 17-hr aged one, 0.113 M for 20-hr aged one, and 0.117 M for 23-hr aged one. Thus it seems that the iso electric point of the chondroitinase becomes lower as the cultivation time becomes longer. These chondroitinase fractions were collected , desalted and concentrated with a collodion bag under reduced pressure, and subjected to poly acrylamide gel plate isoelectric focusing. From the electrophoretic patterns (Fig. 4) , it can be seen that the 14-and 23-hr aged chondroiti nase preparations consist of single component , but the isoelectric point values are different from one another (a higher value for the 14-hr aged enzyme and a lower value for 23-hr aged enzyme), while the preparations obtained at middle stages were found to consist of various chondroitinase components. Figure 5 shows the typical electrophoretic patterns of the chondroitinase preparations which were ob tained in large amount after cultivation for various time in a jar fermentor. The 8-and 12-hr aged preparations were obtained when 750 ml of the seed culture broth had been ino culated to 15 liters of the fresh culture medium (adjusted the initial pH to 6.2). These results show that the isoelectric point of the chon droitinase in young culture is the higher value (pI=6.4, named chondroitinase III) and that of the enzyme in mature culture is the lower value (pI=5.5, named chondroitinase I). In the middle stage of culture there were at least three fractions including chondroitinase II (pI=5.9) other than chondroitinase I and III. Thus it seems that chondroitinase III has been converted into chondroitinase I or II in the culture medium during cultivation of the bacterium.
Conversion of the multiple forms of chondroiti nase in vitro
The chondroitinase-free culture broth of A. aurescens IAM 11065 was obtained by the pro cedure described in MATERIALS AND METHODS. The culture broth was divided into the super natant fluid and the cells by centrifugation at 15,000 x g for 15 min. Then three portions of the purified chondroitinase III (100 enzyme unit, 3 mg) obtained in young culture were incubated with the supernatant fluid, the cell homogenate and the culture broth, respectively. After 24-hr incubation at room temperature and separation from cells those enzyme solu- Chondroitinase III (100 enzyme unit, 3 mg) was in cubated at pH 6.0, room temperature for 24 hr with 50 ml of the supernatant fluid, cell homogenate (see text), or the culture broth.
tions were dialyzed against deionized water, concentrated to 2 ml using a collodion bag, and subjected to isoelectric focusing. The electrophoretic patterns are shown in Fig. 6 . Although any changes were not detected in the case of incubation with the cell homogenate, the conversion of chondroitinase III into chondroitinase II was observed when chon droitinase III was incubated with the culture broth or its supernatant fluid. It was also ob served that the culture broth slightly converts chondroitinase III into chondroitinase I and the cell homogenate makes some portions of chondroitinase III inactive.
Since the conversion of chondroitinase III into chondroitinase I was thought to be caused by addition of sugar residues as described in the previous paper ,1) chondroitinase III was incubated with the supernatant fluid of the culture broth in the presence of UDP-Glc or GDP-Man. As shown in Fig. 7 , chondroiti nase III was apparently converted into chon droitinase I in the presence of UDP-Glc and the supernatant fluid of culture broth . When UDP-[14C(U)]-Glc was used in addition to cold one, the radio activities were electro-focused into the fractions of chondroitinase I. From the result shown in Fig. 7 , it was estimated that about 6 moles of glucose had been bound to one mole of the chondroitinase. On the other hand, there were not any changes on the case of incubation of chondroitinase III with GDP-Man. Therefore, the conversion of chondroitinase III into chondroitinase I seems to be caused by binding of glucose residues. Furthermore, chondroitinase I and III (100 enzyme unit, 3 mg), respectively, were incubat ed with the mixture of glycosidases (2 mg) in 0.02 M acetate buffer (pH 5.2, 2 ml) at room temperature for 24 hr. Then the incubation mixture was filtered on a collodion bag under reduced pressure. The residual enzyme solu tion was subjected to isoelectric focusing. The filtrate was concentrated under reduced pres sure and then subjected to paper chromato graphy. Figure 8 shows the electrophoretic patterns of the incubated enzymes. Most of the chondroitinase III was converted into chondroitinase II by the action of glycosidases. On the other hand, chondroitinase I was slightly converted into chondroitinase II and a new fraction of which isoelectric point was 5.2. In the paper chromatogram of the filtrates (Fig.9) , a spot having a similar Rf value to that of N acetylglucosamine was detected in the digests of the chondroitinases (both I and III) and glucose was detected in the digest of chondroiti nase I.
Thus the sequence of the conversion with respect to the multiple forms of Arthrobacter chondroitinase may be summerized as the following scheme : SCHEME 1. Possible Mechanism of Conversion of the Multiple Forms of Arthrobacter Chon droitinase (Chase). 
